In this paper, an artificial neural network (ANN-10) model was developed to predict the ultimate shear strength of steel fiber reinforced concrete (SFRC) beams without web reinforcement. ANN-10 is a four-layered feed forward network with a back propagation training algorithm. The experimental data of 70 SFRC beams reported in the technical literature were utilized to train and test the validity of ANN-10. The input layer receives 10 input signals for the fiber properties (type, aspect ratio, length and volume content), section properties (width, overall depth and effective depth) and beam properties (longitudinal reinforcement ratio, compressive strength of concrete and shear span to effective depth ratio). ANN-10 has exhibited excellent predictive performance for both training and testing data sets, with an average of 1.002 for the average of predicted to experimental values. This performance of ANN-10 established the promising potential of Artificial Neural Networks (ANNs) to simulate the complex shear behavior of SFRC beams. ANN-10 was applied to investigate the influence of the fiber volume content, type, aspect ratio and length on the ultimate shear strength of SFRC.
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(fiber length to diameter) ranging between 20 to 100 in concrete, has been proven to enhance the shear strength by resisting the formation and growth of cracks (Al-Ta'an and Al-Feel 1990) . The use of fibers in thin sections and congested reinforcing steel sections is highly beneficial, as it may be difficult to provide conventional web reinforcement. For deep beams and due to the high inclined tensile stresses arising from the shear stresses on vertical planes, shear cracks may propagate rapidly in the web causing a catastrophic failure. However, the understanding of the shear behavior of beams, particularly for deep beams, constitutes a challenging engineering problems, since various modes of failures have been observed for such beams (Roberts and Ho 1982) . This problem is complicated by the nonlinear interactions arising from the inclusion of steel fiber in concrete. At present, numerous predictive models for the evaluation of the ultimate shear strength of SFRC beams have been developed based on the regression analysis (Mansour et al. 1986; Sharma 1986; Al-Ta'an and Al-Feel 1990; Khuntia et al. 1999 ). In such complex problems, which are difficult to be modeled using conventional modeling techniques, the application of ANNs may have a good application potential. ANNs have been introduced to the field of civil engineering as a powerful modeling technique, which has achieved acceptable success in many applications (Hegazy et al. 1998; Perera et al. 2010; Bashir and Ashour 2012; Mashrei et al. 2013; Lee and Lee 2014) . ANNs are numerical architectures composed of huge elements of strongly interlocking manufactured elements known as neurons, which simulate the human brain mechanism of learning and solving problems. The construction of the ANN models mainly depends on the actual, adequate and reliable experimental data. ANNs can solve highly non-linear and sophisticated problems, including problems having inaccurate and scattered data (Jha 2007) .
In the present literature, the information concerning the use of ANN for the prediction of the ultimate shear strength of SFRC beams is scarce. Naik and Kute (2014) developed an ANN model based on seven and eight input nodes for the prediction of high performance deep SFRC beams. These researchers have used the developed ANN to investigate the influence of the shear span to effective depth ratio of high performance deep SFRC beams. They reported that ANNs are a promising technique to predict the complex shear behavior of SFRC beams in terms of various parameters, which can reduce the cost of the experimental investigations. Using four and five input node ANNs, Adhikari and Mutsuyoshi (2006) predicted the ultimate shear strength of SFRC beams based on the experimental results of the literature. It was reported that the predictive efficiency of the network enhances as the number of input nodes increases. In addition, it was observed that ANNs have better predictive performance compared to regression methods. It is worth noting that considerable research effort has been undertaken to investigate the effects of incorporating steel fibers on the ultimate shear strength of SFRC beams based on the fiber factor, which combines the fiber properties (type, length and aspect ratio). Few reported experimental investigations are available concerning the effect of the fiber volume content on the ultimate shear strength of SFRC with or without web reinforcement (Lim and Oh 1999; Kwak et al. 2002; Cucchiara et al. 2004) . In addition, very few researchers have investigated the influence of the individual fiber properties on the ultimate shear strength of SFRC beams without web reinforcement (Dinh 2009 ). The objectives of this study are: 1) to investigate the potential of using ANNs for the prediction of the ultimate shear strength of SFRC beams, and 2) to investigate the influence of the fiber properties on the ultimate strength of SFRC beams without web reinforcement.

SIGNIFICANCE OF RESEARCH
Concrete as a brittle material responds by cracking when subjected to low tensile stresses arising from the shear stresses at the inclined sections of a beam. The failure of beams usually causes catastrophic loss, both human and material, because of its sudden occurrence without a warning. The incorporation of steel fibers in concrete enhances its tensile stress resistance at the post cracking stage of concrete, which increases the ultimate shear strength of SFRC beams. However, the only accurate method for the evaluation of this strength is through the costly experimental testing of full-scale beams. The development of rational numerical methods for the prediction of the fracture behavior of SFRC reduces the cost of experimentation and provides the appropriate tool for the optimal design of SFRC. In addition, investigating the role of the individual fiber properties assists in providing an understanding of the behavior of SFRC beams in shear.
PARAMETERS INFLUENCING THE ULTIMATE SHEAR STRENGTH OF SFRC
As a conventional reinforced concrete, the ultimate shear strength of SFRC beams without web reinforcement is primarily influenced by: 1) the compressive strength of concrete, 2) the ratio of the longitudinal reinforcement, 3) the shear span to effective depth ratio, and 4) the section dimensions (particularly the effective depth). In addition, the ultimate shear strength of SFRC beams are affected by the properties of the fiber, namely: 1) type, 2) length, 3) aspect ratio, and 4) volume content. Various researchers assumed that the shear resistance of SFRC beams without web reinforcement is based on: 1) the shear force in the untracked compression zone, 2) the aggregate interlock force in the cracked tensile concrete, 3) the dowel force in the main steel, and 4) the contribution of steel fibers in the diagonal crack zone (Al-Ta'an and Al-Feel 1990; Lim and Oh 1999; Dinh 2009 ). Figure 1 shows the shear resistance forces at the inclined tensile crack of SFRC beam without web reinforcement. Based on experimental investigations, Khuntia et al. (1999) reported that increasing the compressive strength of concrete drastically enhances the ultimate shear strength of SFRC beams. This was attributed to the enhancement occurring in the fiber-matrix interfacial bond. In contrast, in-Latin American Journal of Solids and Structures 13 (2016) 1483-1498 creasing the shear span to an effective depth ratio drastically reduces the ultimate shear strength of SFRC beams due to the arching behavior. Swamy and Bahia (1985) observed that, the ultimate shear strength of SFRC beams increases as the longitudinal reinforcement increases to a particular value beyond which it decreases. This was attributed to the increase in the longitudinal reinforcement-concrete dowel interactions. The fiber aspect ratio was not reported to affect the ultimate shear strength of SFRC beams. However, various researchers investigated the effect of fiber using the fiber factor suggested by Narayanan and Darwish (1987) , which combines the fiber type, aspect ratio and volume content. As reported by these researches, the most significant factor is the fiber volume content.
ARTIFICIAL NEURAL NETWORKS
In the field of civil engineering, ANNs have achieved a high degree of applicability. Sanand and Saka (2001) developed an ANN to predict the ultimate shear strength of conventional reinforced concrete deep beams. These researchers have shown that the developed ANN has better predictive capability than the equations suggested by the ACI 318 committee. Hegazy et al. (1998) investigated the potential of using ANNs to develop efficient predictive models for the structural behavior of concrete slabs. They reported that ANNs are a useful technique for the reasonable prediction of the behavior of concrete slabs without additional experimental testing.
Due to its simplicity, the multi-layer perceptron ANNs with feed forward and back propagation are mostly utilized in engineering. The input layer receives signals, which treated through the hidden layer, and finally produced in the output layer. The learning process requires the evaluation of the weight of the processing connections and their modality. Mostly, only one hidden layer is enough to correlate highly nonlinear parameters, however, in some cases two or more hidden layers are more efficient (Adhikary and Mutsuyoshi 2006) . The major concerns of structural analysis problems, such as predicting different properties of concrete and load carrying capacity, have been solved mostly by using back propagation (Naik and Kute 2014).
DEVELOPMENT OF THE NEURAL NETWORK MODEL
In this paper, a multilayer feed forward neural network with a back propagation training algorithm was used to develop ANN-10. Figure 2 shows the topology of ANN-10, which has 10 input nodes, two hidden layers with 14 neurons and one output layer. In this figure, the network is represented in the form of a directed graph, in which the nodes represent the processing unit, the straight lines represent the connections, and the arrowhead lines indicate the normal direction of signal flow. In addition, In order to achieve the desired outputs, weights (represent connection strength between neurons) and biases were corrected at a constant learning rate using the perceptron learning rule as given by Eqs. (1)- (2). Then, the network error (the difference between calculated and expected target patterns) was back propagated from the output layer to the input layer. The process of correcting the neuron weights and biases was undertaken until the network output arrives at a specific level of accuracy. Once the activities of all the output units were determined, the network computed the errors E , which is defined by Eq. (3). (7) describes the mode of mathematical operations in the hidden and output layers of ANN-10. It is worth noting that MS Excel was utilized to develop the ANN-10 based on the flow chart given in Figure 3 . Moreover, the Optimization Modeling System "Solver" in the MS Excel was used to optimize the developed ANN model. The parameters of the Solver tool were adjusted arbitrary and those result in the minimum mean square error ( E in Eq. 3) were adopted.
In Eqs. (1) 
EXPERIMENTAL DATA
In this study, the experimental data utilized to train and test the performance of ANN-10 were the experimental test results of 70 SFRC beams collected from 11 published reports (Roberts and Ho 1982; Swamy and Bahia 1985; Lim et al. 1987; Swamy et al. 1993; Tan et al. 1993; Adebar et al. 1997; Lim and Oh 1999; Kwak et al. 2002; Cucchiara et al. 2004; Parra-Montesinos 2006; Dinh 2009 ) as given in Table 1 . The collected data included: 1) G (the fiber geometry code, which is 1 for straight, 2 for crimped, 3 for hooked fibers), 2) f V (the fiber volume content), 3) It should be noted that the cylindrical compressive strength of concrete was evaluated as 80% of the cubic compressive strength. Data pre-processing was carried out on the collected results of the experimental data to exclude the inconsistent data points. As the objective of this paper is to predict the ultimate shear strength of FRC beams without web reinforcement, beams that failed in the flexure mode were excluded. In addition, high strength and ultra-high beams having high strength and ultra-high compressive strength concrete  
were also excluded. Then, the collected data were subdivided into two sets, 70% for the training data set (49 data points), and 30% for the testing data set (21 data points). 
Latin American Journal of Solids and Structures 13 (2016) 1483-1498
No Lf/df ρ f (%) Lf (mm) G h (mm) b (mm) d (mm) f c ' (MPa) a/d ρ (%) vuLf/df ρ f (%) Lf (mm) G h (mm) b (mm) d (mm) f c ' (MPa) a/d ρ (%) vu (MPa)
Analysis and Validity of the Model
The performance of ANN-10 was evaluated by conducting error analysis. Table 3 shows the summary of the error analysis of ANN-10 for the training and testing data sets. In this table, the minimum, maximum,  ,  and COV are given for: 1) the square error, 2) the absolute error and 3) the predicted to experimental values. For the training data set, the average of square error, absolute error and predicted to experimental values ratio were 0.032, 0.106, and 1.002, respectively. However, they were 0.029, 0.112 and 1.002, respectively, for the testing data set. Figure 4~5 show the performance of ANN-10 in predicting the ultimate shear strength of SFRC beams for the training and testing data sets, respectively. From Figure 4 and Figure 5 , it can be seen that ANN-10 has excellent predictive performance for the prediction of the training and testing data sets with more than 95% correlation coefficient. These strong correlations establish the validity of ANN-10 for the prediction of the ultimate shear strength of SFRC without web reinforcement.
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Parametric Study
The network ANN-10 was utilized to study the influence of the individual properties of the fiber on the ultimate shear strength of SFRC beams without web reinforcement. At different shear span to effective depth ratios d a , the effect of fiber volume content, aspect ratio and length were studied by varying their values. To investigate the influence of the type of fiber, the fiber geometry code was kept constant for different shear spans to effective depth ratios. It is worth noting that a similar behavior for SFRC beams was reported by Oh (1999), and Cucchiara et al. (2004) . They showed that the inclusion of an appropriate volume content of steel fiber could increase the ultimate shear strength more than the flexural strength of longitudinally reinforced SFRC beams, which alters the ductile shear failure mode into the flexure model of failure.
Influence of Volume Content of Fibers
In addition from Figure 6 , it can be seen that for 
). In addition, this result confirms the capability of steel fibers to increase the ultimate shear strength of beams, in a way that they can replace the nominal web reinforcement as reported by various researchers (Furlan and de Hanai 1997; Imam et al. 1997; Lim and Oh 1999; Dinh 2009 ). The improvement in u v due to the increase f V is attributed to the increase in the crack bridging capacity at the post-cracking stage, which enhances the overall mechanical performance of the concrete. beams compared to deep beams. For these particular SFRC beams, it seems that the optimum fiber length for the investigated beam is 45mm. 
CONCLUSIONS
Various researchers have developed regression analysis-based models for the prediction of the ultimate shear strength of SFRC beams. However, none of these models can perfectly predict the ultimate shear strength of SFRC beams. ANNs have been utilized in various fields including civil engineering to correlate the outputs and inputs of highly nonlinear problems. Nevertheless, very little research has been undertaken on the potential of using ANNs for the prediction of the ultimate shear strength of SFRC beams. This study is aimed at to develop a rational numerical model for the prediction of the ultimate shear strength of SFRC beams. From this study, the following conclusions were drawn:
A multilayer feed forward neural network (ANN-10) with a back propagation training algorithm and 14-neurons of two hidden layers was developed to predict the ultimate shear strength of SFRC beams. Experimental data of 70 SFRC beams reported in the technical literature by 11 research groups were utilized to train and test the ANN-10. The input parameters of ANN-10 were: i) the properties of fiber (type, volume content, aspect ratio and length), ii) the properties the section (Overall depth, width, and effective depth), and, iii) the properties of the beam (shear span-toeffective depth ratio, percentage of longitudinal reinforcement, and the cylindrical compressive strength of concrete). ANN-10 exhibited excellent predictive performance for the prediction for both the training and testing data sets with 1.002 average of the predicted to experimental values. The successful performance of ANN-10 has established the favorable potential of ANNs to simulate of the complex shear behavior of SFRC beams.
A significant increase in the ultimate shear strength occurs for deep SFRC beams with increasing the fiber content. However, little increase in the ultimate shear strength occurred for shallow beams. In addition, the inclusion of 0.5% or more volume of steel fibers to fabricate the SFRC deep beams altered its failure mode from brittle shear to ductile flexure. In this study, up to 32% improvement of the ultimate shear strength of SFRC beams was observed by increasing the aspect ratio of the fiber from 60 to 100. The strength improvement in the deep beams was more pronounced than in the shallow beams. By increasing the fiber length from 30mm to 60mm, a 5~20% increase in the ultimate shear strength of SFRC beams was observed. The fiber length influences the flexural strength of the SFRC beams more than its shear strength. Straight, crimped and hooked fibers have almost a similar influence on the shear strength of SFRC beams for deep beams. However, the straight rounded fibers have very little influence on the ultimate shear strength of shallow beams.
